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KHAO SAT CAC PAC TiNH CUA HE TRI THUC F-LUAT
PON PIEU YEU

NGUYEN THANH THI7JY7 TRINH KIM CHI, PHAM THANH SON

Khoa Cong Nghé Théong Tin, DHBK Ha not

Abstract. This paper presents results on the stableness (the stationariness, the consistency) of
weakly monotonic F-rule systems, an extension of strongly monotonic F-rule systems that have been
investigated in [1,2]. As shown in [1], this issue for monotonic, but not for strongly monotonic F-rule
systems has been open. For this purpose, we transform a weakly monotonic F-ruler systems into an
equivalent point-valued F-rule systems. Then, we prove that the results on the stableness of strongly
monotonic F-rule systems can be extended for point-valued F-rule systems, and therefore for weakly
monotonic ones.

Tém tdt. Bai bdo trinh bay mét s6 két quad vé tinh 6n dinh (tinh dirng va tinh phi mau thuan)
cla hé tri thitc F-luat don diéu yéu, mot md rong thuc su cta hé tri thirc don diéu manh da dugc
nghién ctru trong [1,2]. Nhu da chi ra trong [1], viéc nghién citu tinh dirng va tinh 6n dinh cla cic
hé tri thitc don diéu, nhung khong don diéu manh van 13 mét van dé mé. Pé nghién ciru hé tri thire
F-luat don diéu yéu, ta bién doi twong diwong vé hé tri thirc don diéu gid tri diém. Ching toi da
chi ra dwoc rang két qua trong [1] hoan toan c¢é thé mé rong dé nhan két qua twong tu doi véi he
tri thirc gid tri diém, do vay déi véi hé tri thire dang F-luat don diéu yéu.

1. MO PAU

Trong cong trinh nghién ctru vé logic x4c suat, Nilsson ([7]) da dé xuat moé hinh biéu
dién tri thitc xdc suat véi gid tri khodng va co ché suy luan dua trén gidi bai todn quy hoach
tuyén tinh. Téc gia ([7,8]) goi d6 la co ché suy dién ngoai dé phan biét co ché suy dién trong
trén cac luat. Mot cach tong quat, mot luat logic gia tri khoang dwoc dinh nghia nhu sau:
J (S, L)Y A (Sa, Io) A . NSy, I,y — (S, I), trong d6 I, I 1a cdc khodng hay 1a cdc bién lay gia
tri khodng thuoc €0, 1] (C[0,1] 1a tap cdc khodng con cia [0, 1]). Trudmg hop tat ci cac I; va
I la céc hang khodng (interval constants) da dwoc nghién ciru kha ki trong [6]. Khi chiing suy
bién thanh céc gia tri thudc [0,1], ta goi dé 1 cdc luat gid tri diem. Khi cdc I;,i =1,...,n, la
bién khodng, con I la hang khoang ta goi dé la C-luat. Truomg hop ngwoc lai, khi tat ci cac
I; va I déu la bién khoang ta goi dé la F-luat. Moi loai ludt cé mot co ché suy dieén riéng biét
([1,2,4,6,8]). Mot hé tri thite duge dinh nghia nhuw 1a mot cap A = (B,t) trong dé B 1a co s&
luat, ¢ 14 todn tir suy dien trén dé. Goi I' 1 tap cdc atom xuat hién trong co s& luat B. Khi
dé moi dnh xa tir T' vao C[0, 1] ¢6 thé xem nhw la mot phép gan gid tri (do chac chan) cho
cadc atom. Dat & 14 tap cac phép gan gid tri nhuw vay. Khi dé, toan tir suy dién cdm sinh bdi
viéc 4p dung ludt J : ¢; : ¥ — S moét mé réong cia modus ponens dwoc dinh nghia nhuw sau:
VIT € SJt; : (IND)(S) = 11(S) N I néu S la vé phai cua luat J, va t;([)(S) = [1(S) néu nguoc lai.
C6 thé mé rong dinh nghia nay cho mét tap con bat ky céc luat thuoc B, thay vi d4p dung
mot luat J duy nhat. Mot dic trung quan trong khi nghién ctru céc hé tri thitc A 13 tinh 6n
dinh, (hé sé dirng sau mot s6 lan 4p dung todn tir suy dién va cho két qud phi mau thuan
[1,2,3]). Céc két qud trong [1] da chiing té bai toan quyét dinh tinh dirng ctia heé tri thitc don
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diéu manh 14 gidi dwoc. Bai bdo da mé rong céc hé tri thire F-luat don dieu yéu.

Bai bdo duoc cau tridc nhur sau: Muc 2 dira ra mot s6 nhan xét vé F-luat don diéu manh.
Heé luat gid tri diém dwoc nghién cttu trong Muc 3 xem nhuwr 13 bwéc trung gian dé nghién citu
hé F-luat don diéu yéu trong Muc 4.

2. NHAN XET VE HE TRI THUC PON PIEU MANH ([1])

Mot hé tri thitc dwoc goi la don diéu manh khi va chi khi tat ci cic luat cia né 1a dong
thoi don diéu trai va don diéu phai. Cu thé, xét mot luat trong co s& tri thite (CSTT):

J (S, v1) A(Sa,va) A A (S, o) — (S, 0), & day v = f(v1,v2,...,vn), v; la cdc bién khodng
va f 1a ham bién khoang.

J dwoc goi 1a don diéu trai néu: Véi hai bo gia tri bat ky (I, Iy, ..., I,), (I}, 5, ..., I') thoa
man Vi =1,...,n thi I; Clj,dat I =f(h,1s,... I,), I'=f(I},1),..., 1)), ta cé

ar) (3, UT){UTT)) = LD{UT").

by) (W4, I(L;) =1(1})) = I(I) = I(I').

J duoc goi la don diéu phdi néu:

az) (Ji, r(L))r(I}) = r(I)HUT").

be) (Vi, r(1;) = r(I})) = »(I) = r(I').

Trong [1] da chiing minh dwoc két qud sau:

Pinh 1y 1. ([1]) Gid su Ag la hé tri thic don diéu manh. Pat Nypax = {max Depth(A) +1|A €
T}, ¢ ddy la @6 sau cia A trong d6 thi twong itng véi hé tri thite Ag. HE tri thite Ay la on
dinh khi va chi khi né én dinh tai budc lip thit Nyax.

Nhéan xét

a) Péi véi moi he luat trong hé tri thitc don diéu manh, trong can tréi cliia atom, & vé phai
luat 13 ham cia cdc can trai cia cdc atom thuodc vé trai ma khong phu thuodc vao cdc can phai
clia atom & vé trai. Tuwong twr, can phai cia cdc atom & vé phai 1a ham cia can phai cia céc
atom & vé trai ma khong phu thudc vao cdc can trai cia céc atom & vé trai.

b) Dua vao nhan xét a) ta c6 thé dinh nghia luat don diéu manh nhw sau: J : (S, ;) A
(Sa, In) A o A (S, LY(AYS, T), v6i cée bién khodng I; = [as,ui] ¥ = 1,2, ....n, [ = [z,y], & day
x=g(x1,xa,...,%n), ¥y = h(y1, ..., yn), sao cho:

o V&i 2 bo (x4, o, ..., ), (), 2, ...,2) bat ky:

+Vi=1,2,..,n, x; <z, = g(x1, 22, ..., 0) < gl], T, ..., 7).

+ Néu ton tai mot bat ding thirc thwe sw z; < @) thi g(z, za, ..., ) < g(a), xh, ..., xL).

e V&i 206 (y1,..un), (U),...,y,) bat ky.

T Vi=1,2, 0, g >y = by, yn) 2 AL )

+ Néu ton tai mot bat ding thirc thwe sw g > o thl A(yr, ..., yn) > A, ..., o).

Hon nita, luat don diéu cé thé dinh nghia nhuw sau:

J o (S, 0) A Sy, L) Ao A (S, L) — (S I), véi cac bién khodng I, =[x,y
Vi = 1,2,..,n, I = [x,y], & day = = g(x1, 22, ..., @n, Y1, Yn)s ¥ = R(T1, T2, o0y Ty Y1y o Yn)
duoc goi la don diéu néu v6i 2 bo (z1, X, ..., Ty Y1y s Yn)s (&), Xhy sl ot .0 9h) bat kY, thoa
man Vi = 1,2, ...n, x; < @, v >y, thi g(@, @2, .., @ y1, 0 Yn) < 9@, @y ooy Ty Y1y ooes Yn),s
(@1, @2y ooy Ty Y1y ooy Yn) = (@1, T2y ey Ty Yy ooy L)
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c¢) Pinh nghia trén cho thay tap céc luat don diéu manh chi chiém mot phan rat nhé trong s
céc luat don diéu. That vay, néu nhw luat don diéu manh thi can trai (can phai) cia atom vé
phai phu thudc vao tat ca céc can tri (cic can phai) cia cdc atom & vé trai cia luat. Ta seé
xem xét mot 16p luat don diéu yéu sao cho can trai (can phai) cia vé phai chi phu thudc vao
mot s6 can trai (phdi) cia cdc atom vé trai. Ngoai ra, trong phan sau sé xem xét ca truomg
hop cén trai cia atom & vé phai phu thudc chit ché dong thoi vao mot s6 can trai va phai
cla cdc atom & bén vé trai.

3. HE TRI THU'C GIA TRI BIEM

Nham phuc vu cho viéc mé rong hé tri thirc don diéu yéu sé trinh bay trong Muc 4, &
day dwa ra khai niém hé tri thitc gid tri diém.

Pinh nghia 1. Hé tri thitc gia tri diém:
Su kién: 13 mot cap (S,a) gom atom S va mot gid tri a ¢ [0,1].
Luat: J: (S1,v1) A A{Sy,vn) — (S,v), V61 vy, ve, ..., v, 1a cdc bién 14y gid tri thudc [0, 1], v =
f(v1,v9,...,v,) la anh xa tir [0,1]™ vao [0, 1].
Co so tri thire 3: Gom tap cic s kién 8y va tap céc luat G,.
Ky hiéu I' 1 tap cdc atom xudt hién trong co sd tri thitc.
Phép lap luan: Goi < la tap cdc anh xa tir T vao [0,1].
Khi dé phép lap luan ¢, : 3 — S duoce xéc dinh nhw sau: Véi moi w € S, w: I'— [0, 1] ta cé:
tp(u)(A) = max{u(A), max{f;(a;,...,aim)|j € Ea}},

v6i u(A) 14 gia tri cda A va E4 13 tap cdc luat c¢é vé phai cia A trong co s& tri thic
fi(ait, ..., aim) la ham bién khodng twong tng véi luat j € Ey.
Hé tri thite: Gom co s& tri thite 8 va phép 1ap luan t,, A, = (8,t,).
Gié tri cla cdc atom doi véi hé tri thire:

+ Gid tri ban dau: Néu su kién (4;, a;) thude B¢ thi ban dau « = a;. Nguoc lai, a9 = 0.

+ Gid tri sau buéce lap thit n: v =t,(u"1)(A).

Tuwong tu trong [1] ta dwa vao khdi niém do thi c¢6 huéng G., twong ting he tri thirc A,

Céc khéi niém Depth(A) cung dwoc dinh nghia nhw trong [1]. Céc dinh nghia sau day twong
tu trong [1].

Pinh nghia 2. Luat gia tri diém don diéu.

Luét J : (Sy,v1) A A{Sp,vn) — (S, 0), v = f(vi,vy,...,v,) duwoc goi la don diéu néu doi
v6i hai bo (a1, as, ..., a,), (a),d,...,al) théa man 0 < a; < af <1 thi:

o flai,ag,...;a,) < fla),dl, ....al).

o3, a;{al thl f(ay,as,...,an){f(a], b, ..., al).

Hé tri thic diem don diéu 1 hé tri thitc trong dé moi ludt cia né deu la don diéu.

Pinh nghia 3. Ta néi hé tri thitc diém A, dirng & buwée lip thit » néu véi moi A € T,
w? ="' Hé tri thite diem A, 1a dirng néu ton tai n dé hé dimg tai buéc lap thit n.

Pinh nghia 4. Ta xay dung cac vi tir sau day:

e c(A,n)=a% >a .
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o act(X, A, n) = true néu thda man dong thoi 2 dieu kién:
C(A, n) va u'y = max{u(A), max{f;(a;1,...,aim)|j € EaNTx}} v6i Tx = {i| X € left;}.
o V61 A c I, goi t-duong bac n cia A la day X; — Xy — ... — X,, = A v6i X; € I’ théa man
Viel,2,...,n—1:act(X;, Xiqq1,7+1).
Khi d6, vé611 <k <nthl Xy — Xz — ... — X, 1a mot t-duong bac n— k+ 1 cda A.
Puong don lamot day X1 — Xo — ... = X, véi X; e ' va X; # X; Vi £ j < n.
Tuwong tu nhu viéc chimg minh Binh 1y 1 trong [1] , ta di chitng minh dinh Iy sau:

Dinh 1y 2. Gid s hé tri thite @diém la don diéu. Pl Nyay = max{Depth(A) + 1/AcT}. Hé
la dirng khi va chi khi hé dirng tai budc lap thit Nyay.

Viéc chitng minh Dinh 1y 2 cho hé tri thitc gid tri diém dwoc thwc hién twong tw nhw
viéc chitng minh Pinh Iy 1 trong [1] bang cdch dwa ra 4 bo de:

B8 dé 1. Néu c6 A c T va mét 86 n > 2 sao cho ¢(A,n) thi c6 X ¢ T @€ c¢(A,n—1) va
act(X, A, n).

B& dé 2. Xét hé don diéu, phi mau thudan. Néu c6 AcT van > 2 sao cho c(A,n) thy ton tai
t-duong bdc n cia A.

B& dé 3. Gid st Xy — Xpy1 — ... — X, ld mét t-duwong bic n—k +1 cia A. Khi d6 néu
ton tai ko > k ma c(Xy, ko) thi tén tai ng > n thda man c(X,, no).

B8 dé 4. Néu cé A c T sao cho ton tai N > Depth(A) thda ¢(A, N) thi IN* > N thda c¢(A, N*).

4. HE TRI THUC PON PIEU YEU

Pinh nghia 5. (Hé tri thitc don diéu yéu)
Mot hé tri thitc 14 don diéu yéu khi va chi khi tat cd cdc luat ciia né 1a don diéu yéu. Luat
J dwoc goi 1a don diéu yéu néu théa man dieu kién sau:

J Sy, LYA{Sa, YA A (S, I,) — (S, I), véi cée bién khodng I; = [z, y:] Vi = 1,2,...,n, [ =
[z, y] v6i:

x = g(i1, s Tim, Yit, ~~~7yj/€>'

Yy = h(acth cos Ttpy Yi1, ...7qu).

O day {i1, - im}s {1y dnts {t1ntpls {l, 1y} 1& cde tap con cia {1,2,...,n} sao cho:
Lit, ooyt Udd0s ey Jey ULt oty UL, o Iy = {1, 2, ..., n}. Diéu kién nay 1a can thiét, bdi néu
khong, sé c6 mot atom & vé trai khong c¢é dnh hwédng gi t¢i atom bén vé phai cia luat. Hon
nira, voi hai bo (i1, ., Tim, Y1, o Yj)s (X5 s T Y1 s Yii) théa man:

Vi € (i1, s im), i < a5 Y5 € (J1,.0Jk), y; 2 o thi:

® (i1, oy Tims Yj1s s Yik) S (15 ey T Yiis oo Y-

o Néu ton tai mot bat ding thitc thue sw @; < @} hay y; > ¢/ thl g(zin, ..., Tim, Yj1, - i) <
95 s Ty y§‘17 7y;k>

Véi hai bo bat Ky (i1, .., Tepy Yits s Yiq), (41, s Ty Ypr s s Yig) théa man:

Vie (i, ... tp), @ < af; Vie (b, .. 1), y; = y; thi:



260 NGUYEN THANH THUY, TRINH KIM CHI, PHAM THANH SON

® h(Zt1, ey Ttpy Y1, s Ylg) = P @15 ooy Ty Yy s Yig)-
o Néu ton tai mot bat dang thitc thue sw z; < &} hay y; > o/} thi h(@er, ..., ep, yi1,s .., Yig) =

/ / ! !
h(xth "'7xtp7 Yo "'7qu>'

Pinh nghia 6. (Chuyén he tri thirc don diéu yéu vé hé tri thitc diém). Véi mot he tri thike
don diéu yéu Az nhw da dinh nghia & trén, ta xay dung hé tri thitc diém twong ting A, nhw
sau:

+ Mot atom S cia Ag twong ing hai atom S, S, cia A,

Néu gid tri ban dau cia S trong Ag 1a [z,y] thi gid tri ban dau cia S;, S, twong tng la
0
sl

+ Véi moi luat J trong As i J i (S, L) A {(So, D) A oo A (Sn, L) — (S, I),
I = |xs ) Vi = 1,2, ..n, I = [2,y], @ = g(@i1, s Tim, Yj15 -5 Yjk), ¥ = (@e1, oo, Tepy i1 -, Yig),
& day {i1, o tm}y {J1s g}y {1, tp}, {l, o1y} 18 cde tap con cua {1,2,...,n} twong ting
v6i hai luat sau day trong A,.

e 0,0 .
Ug = X5 usrfl_yv

Lué,t J1 : <S¢17 Cti1> VANCRIRIVAN <S$m7 Ctim> A <Sj17 CLj1> VACEIRWAN <Sj]€7 ajk> — <S7 CL>.

a:g(ai17...7aim7l—aj17...71—aj;€).
Lué,t JQ : <St17at1> VAKIERWAN <Stp7atp> s <Sll7all> VACEIRWAN <Slq7alq> — <S7 CL>.
a = h(a, ..., atp, 1 — ap, ..., 1 — ayq).

Ménh dé 1. Néu ludgt J la ludt don diéu yéu trong hé Ay thi cdc luGt Ji, Jo la don @iéu theo
nghia trong hé tri thicc diém.

Chitng manh. Xét luat Ji. Xét hai bo (ait, ..., Gim, aj1, s ji)y (s eey Wy @1, s @) bat ky
sao cho a; <al Vi € {i1, ..., tm U{J1, s Ji}-
Nhuw vay, a; < af Vi€ {i1,...,im} val—a; > 1 —dl Vie {ji1,...,Ju}-
Do J la luat don diéu yéu, cho nén:

flait, oy @imy L= aji, ooy 1= age) < flaly, . @iy, 1 = ay, o, 1= aly) nghla laa < o,

Mit khéc, néu ton tai mot bat ddng thirc thue sw a; < @) v&i i € {ir, ..., im} U {j1, .. Ji}
thi ta cling sé ¢6 a < o’ dwa trén dinh nghia J 14 luat don diéu yéu.

Luat Js: chirmng minh twong tu. ]

Ménh dé 2. Két qud thuc hién phép lap ludn tong thé trén hai hé tri thitc Ag va A, la
twong dwong nhau theo nghia néu I la gid tri gan cho S,u%, va w la cde gid tri gin cho
Sy, Sy twong dng trong A, thi : 1% = [a%), a%,] (*)

Chitng minh. Ta s& chirng minh bang phwong phap quy nap theo n :
e V&in=0: ro rang I3 = [a%,,a%,],5 € Ag.
e Gid sit (*) ding dén n — 1. Ta sé chirmg minh (*) ding véi n.
Xét S € Ay bat ki:

Trong Ag, I =I5 'n( N 1,51,
J 5

Suy ra U(1%) — max(U(2 ), max{f;(I" ) € Fs}). (1)
Mat khac, trong A,
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ag, = max(ay; ", max{f;(a""")|j € Esi}) (2)

O day Fg; 1a tap céc luat trong A, ¢6 atom & vé phai 1a S;.
Dé thdy, véi moi luat j € E trong Ag twong tmg véi hai luat trong A, mot luat thuoe
Eg;, mot luat thuée Fg,.

Vé&imoi j ¢ Eg ta cé:

L") = f3(@srts o Wsims Vs s V) = @801 -oos @iy 1 = i, oo 1= 05 50)
= fi(@""), (j € Es; trong A,) (3)
Theo gid thiét quy nap: (1% ") = a¥, (4)
Tir (1), (2), (3), (4) ta c6 UIZ) = ay (5)
Hoan toan twong tu, r(I2) =1 —a%, (6)

T (5), (6) suy ra ménh dé da dwoc chirng minh.

Nhéan xét vé dé thi G.(V,, E,)

Khi nghién cttu hé tri thitc don diéu yéu, dura trén meénh deé trén ta ¢é thé kiém tra tinh
dirng cia né bang cach chuyén ve heé tri thitc diem. Ta s& xem xét dén mdi lién heé gitta
Nuax(G5) VA Nimax(G). Thue vay, ta tién hanh xay dung d6 thi Gs(Vs, Eg) cho hé tri thite
don diéu yéu vi xay dung do thi G (V,, E,) cho heé tri thitc diém.

De thay, s6 dinh cia G., gap doi s6 dinh cia G. Néu (A,B) 1a mot cung cia G, thi trong
do thi G, ¢6 it nhat mot trong bén cung (A, By), (A, B), (41, B,), (A, B,). Trong trwomg hop
tong quat khé 6 the dwa ra két ludn vé quan hé gitta Niyax(Gs) va Nipax (G-).

Trong trudomg hop dic biét, hée tri thite don diéu yéu suy bién thanh hé tri thitc don diéu
manh, thi G, sé duoc tach ra thanh hai do thi rod nhau, khi dé Nimax(Gg) = Nmax(G+). Ta cé
dinh 1y sau déi véi hé tri thire don diéu yéu.

Pinh 1y 3. Gid s hé tri thite Ag la don dicu yéu. Pat Myax = max{Depth(A) + 1|A € T'},
véi Depth(A) dvoc dinh nghia trong @6 thi G., cia hé tri thitc A, twong wng. HE tri thitc
Ag la 6n dinh khi va chi khi hé 6n dinh tai budc lip thit Miyax.
Ching minh.
e Gia stt hé 1 6n dinh tai budc lip thit Mpy.. Ta sé chitng minh hé 1a 6n dinh.

That vay, dé dang thiy ¥Yn > M. VA € T, 1% = I Pieu nay chitng t6 hé on dinh.
e Gia sir hé 1a on dinh, ta s& chitng minh hé 6n dinh tai buéc M.

Gid st ngwoc lai, hé khong on dinh tai budc Moy, tikc 13 VA sao cho:

I{JX[max # I{JX[maxfl. (*)

Xét hé tri thirc diem twong tng clia hé tri thic Ag:

Tir (*) ta suy ra (af°" 1 < alme) hode (allm** ! < ahfmar),

Néi cach khéac, hé tri thitc khong dirng tai buéc Mmax. Theo dinh 1y cho hé tri thitc diém
thi hé tri thic A, sé khong dirng. Do d6, A cling sé khong dirng. Préu nay mau thuan véi
gia thiét hé 13 on dinh. Do vay, hé on dinh tai buéc My.,.
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4. KET LUAN

Két qua Pinh 1y 3 cho phép nghién ctru tinh dirng cia cdc hé F-luat don diéu yéu. C6

thé thay 16p cac hé don diéu yéu da mé rong thue suw so véi cac he don diéu manh. Tuy
nhién, viéc mé rong ti€p theo van la van dé ton tai.

Mot van de quan trong la dwa ra todn tir suy dién tich hop trong hé tri thitc bao gom

nhiéu loai luat: luat gid tri diem, C-luat, F-luat, luat gid tri hang.
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